Introduction
The construction of molecular solids can be achieved via 20 selective assembly processes driven by molecular recognition, 1 and hydrogen bonding 2 , halogen bonding 3 and  stacking 4 are examples of non-covalent interactions that can be used as 'supramolecular glue' to connect individual building blocks into a 3-D network. 25 Co-crystals 5 have attracted considerable attention due to their wide range of applications in areas of functional solids such as pharmaceutics 6 and energetic materials. 7 Hydrogen bonds have become the interaction of choice when preparing co-crystals thanks to advances in predicting which synthons will form given 30 the presence of certain chemical functionalities. 8 However, apart from knowledge of interactions that drive the initial supramolecular assembly, better insight into the weaker forces that subsequently connect these architectures is important for consistent structure prediction. An important aspect of crystal 35 engineering is the deliberate synthesis of new solid forms with pre-determined connectivity and topology as this will offer a path towards the design of materials with pre-determined bulk properties. With the help of reliable control of the intermolecular assembly, physical properties like thermal stability, 40 dissolution and solubility may be correlated in a predictable manner with molecular structure. 9, 10 Previously, we demonstrated how a careful selection of cocrystallizing agents, provide structural control leading to either 1-D networks or 0-D assemblies, focusing mainly on the primary 45 synthons with less emphasis on weaker interactions.
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In our current study, we highlight how weaker secondary interactions influence the organization of 1-D motifs into assemblies of higher dimensionality, as well as on possible connections between structural consistency and reliable structure-50 property correlation. For this purpose we choose two isomeric azopyridine systems, i.e. 4,4'-azopyridine (4,4'-azpy) and 3,3'-azopyridine (3,3'-azpy) and a series of aliphatic even-chain dicarboxylic acids; succinic, adipic, suberic and sebacic acid (increasing number of carbon atoms in their aliphatic backbone).
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The two azo-pyridines differ in the relative orientation of their hydrogen-bond acceptor sites; in 4,4'-azpy the binding sites are almost co-linear whereas in the case of 3,3'-azpy they are parallel (Scheme 1).
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Scheme 1
The main driving force in the co-crystal assembly is expected to be the acid-pyridine, i.e. COOHN(py) heterosynthon (Scheme 2), which has many precedents in literature. 12 Increasing the number of carbon atoms in the acid co-former should not affect this key interaction; however, the enhanced hydrophobicity and spacing of carboxylic acid moieties, could certainly influence the secondary interactions. Some co-crystals of 4,4'-azpy have been previously reported 13, 14 but we now add an additional example as 70 well as report the structures of four new 3,3'-azpy co-crystals in order to systematically elucidate the role of weaker forces on supramolecular assembly. In addition, we also seek to discover if it is possible to relate thermal behaviour of the co-crystals to any characteristics of the individual molecules or to any systematic structural patterns that may appear in these families of compounds.
Scheme 2 Acid-pyridine heterosynthon 5 In brief, we propose to answer the following questions;
1) Can we achieve structural consistency in these two groups of azopyridine co-crystals of aliphatic diacids? 2) Can we then identify any correlations between molecular 10 structure, crystal structure and physical properties? 3) What effect does the position of the hydrogen-bond acceptor sites have on packing pattern and physical property?
We have postulated four different motifs that could be prepared 15 by combining 3,3'-azpy and 4,4'-azpy with even-chain aliphatic diacids. The basic assumption is that chains will form in all cases, and they could then be arranged either out-of-phase (motifs 1 and 3) or in-phase (motif 2 and 4) within a 2-D architecture constructed via inter-chain interactions, (Scheme 3). 
Experimental Section
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All precursors for the synthesis of 3,3'-and 4,4'-azopyridine were purchased from Aldrich and used without further purification. Melting points were determined using Fischer-Johns Mel-Temp melting point apparatus and uncorrected. 1 
4,4'-azopyridine:
The synthesis of 4,4'-azpy was carried out using a slightly 20 modified procedure. 16 4-Amino pyridine (2.5g, 0.025mol) was dissolved in 40ml water and kept cold in an ice bath. 6% NaOCl (50ml, 0.0036mol diluted with 50ml water) was added drop wise to the pyridine solution with constant stirring while maintaining the temperature between 0-5 ºC. After stirring for 2-3 hrs in the 25 ice-bath, the product was extracted into ether. After removing the solvent under reduced pressure, a small amount of hexane was added to the crude (to dissolve the product). Any insoluble residue was discarded. The solvent was then removed under reduced pressure and pure bright-orange product was re- 35 3,3'-azpy and 4,4'-azpy were co-crystallized with four even-chain diacids (succinic, adipic, suberic and sebacic). Preliminary screening was carried out using solvent-assisted grinding after which the resulting solid was characterized using IR spectroscopy to determine if a co-crystal had formed. A total of eight 40 experiments were performed and in all eight cases, the IR spectrum showed prominent broad stretches near 1950 and 2450 cm -1 (Fig 1) indicative of intermolecular O-HN hydrogen bonds, thus confirming co-crystal formation (Table 1) . Once the appearance of co-crystals were confirmed by IR, slow 45 evaporation experiments were set up using stoichiometric amounts of the acid and base in a suitable solvent at room temperature. Since structures of 4,4'-azpy with succinic, adipic and sebacic acid were previously reported, 12, 13 we analyzed the remaining five compounds using single crystal X-ray diffraction. 50 Table 2 shows the summary of co-crystal synthesis. X-Ray crystallography 5 With the exception of 3,3'-azpy:SA, whose dataset was collected on a Bruker-AXS SMART APEXII diffractometer, datasets were collected on Bruker-AXS Kappa APEX II equipment. All datasets were collected at 120 K using APEX2 software. An Oxford Cryostream 700 low-temperature device was used to 10 control temperature. MoK radiation was used. Initial cell constants were found by small widely separated "matrix" runs. Data collection strategies were determined using COSMO. Scan speeds and scan widths were chosen based on scattering power and peak rocking curves. 15 Unit cell constants and orientation matrices were improved by least-squares refinement of reflections threshold from the entire dataset. Integrations were performed with SAINT, using these improved unit cells as a starting point. Precise unit cell constants were calculated in SAINT from the final merged datasets. Lorenz 20 and polarization corrections were applied. Absorption corrections were applied for all datasets. Datasets were reduced with SHELXTL. The structures were solved by direct methods without incident. All structures were completely ordered, and no disordering models were required. All 25 materials crystallized with 1:1 azopyridine: diacid stoichiometry.
Co-crystal of 3,3'-and 4,4'-azopyridine
With the exception of the carboxylic acid hydrogen atoms, whose coordinates were allowed to refine, all hydrogens were assigned to idealized positions and were allowed to ride. With the exception of 3,3'-azpy:SeA, for which the diamine / diacid pair 30 sits on a general position, all structures show crystallographic inversion symmetry for both the diamine and the diacid. Isotropic thermal parameters for the hydrogen atoms were constrained to be 1.5x (methyl) / 1.2x (all other) that of the connected atom. Selected hydrogen bond geometries are shown in Table 3 and   35 crystallographic parameters of 3,3'-and 4,4'-azpy co-crystals are listed in Table 4 . 
Results
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We have reported five co-crystals of azopyridine with dicarboxylic acids; 
4,4'-azopyridine co-crystals
35
We have added the crystal structure of 4,4'-azpy:suberic acid, to the previously reported co-crystals with succinic, adipic and sebacic acid (Fig 4 and 5a-c) . 13, 14 An examination of all structures shows that motif 1 is present three times (4,4'-azpy:AA, 4,4'-azpy-SA, and 4,4'-azpy:SuA) and motif 2 is present once (4,4'-40 azpy:SeA), (Scheme 3, Fig 4 and 5a-c) . Motif 2 is corrugated in contrast to the planarity of motif 1. found for 4,4'-azopy:suberic acid which exhibits motif 1. A similar motif is also observed in the 4,4'bipyridyl co-crystal with adipic acid. 17 However, if the two components that make up the co-crystal have a noticeable size mis-match, then it seems that motif 2 is preferred, as shown in 4,4'-azpy:sebacic acid and 55 bipy:sebacic acid. 17 A similar behaviour is noted for the 3,3'-azopyridine system. All co-crystals with a layered architecture, regardless of the acid chain length, gave motif 4. This is likely because the two binding sites are no longer co-linear (as was the case in 4,4'-azpy) and 60 they naturally orient themselves to form corrugated chains. However, succinic acid, the shortest diacid examined in this study (and the one with the largest size mis-match with respect to the length of 3,3'-azpy), cannot sustain a close-packed layered arrangement, and breaks with the common appearance.
65
In brief, an examination of all eight crystal structures of 3,3'-and 4,4'-azopyridine show the following distribution of observed motifs (Table 5 Thermal behaviour of azopyridine:diacid co-crystals 10 The melting point of any solid is a fundamental physical property that may also have important implications for a range of applications, as well as for processing and shelf-life. If molecular structure and thermal behaviour can be interrelated, then we can modulate the physical properties of a library of compounds using 15 simple co-crystallization techniques.
Based on our results, the thermal behaviour of azopyridine cocrystals can be correlated to molecular structure; 1) As a function of acid chain length and its melting point within individual groups (Fig 6) . 20 2) As a function of binding site geometrical bias in 3,3'-and 4,4'-azopyridine co-crystals (Fig 6) . In co-crystals of 4,4'-azpy with succinic, adipic, suberic and sebacic acid (Fig 4 and 5a-c) , structural consistency is maintained as we systematically increase the length of the diacid. 10 Consequently, co-crystal melting points show a near-linear correlation with the carbon chain length in the corresponding diacids, which indicates a strong and predictable structureproperty interdependence. The melting points of the pure diacids also decrease upon moving from shorter to longer chain acids. 15 The same trend is also maintained in their co-crystals with 4,4'-azopyridine. Despite the fact that 4,4'-azpy:SeA exhibits motif 2, instead of motif 1 (observed in all other cases), its melting behaviour does not show significant difference from this pattern. This underlines the importance of the weaker intra-layer 20 interactions that hold adjacent layers in close proximity. 3,3'-azpy co-crystals also show melting point decreases concomitant with an increase in the diacid carbon chain length (Fig 6) . The only outlier is 3,3'-azpy:SA, with a lower melting point than expected. This incongruity can be explained based on 25 its crystal structure (Fig 3) which shows a very different packing arrangement compared to that of the others (Fig 2a-c) . The corrugated layers in 3,3'-azpy:SA are not closely packed, and instead separated by acid molecules aligned perpendicular to the plane of the sheet. This unusual behaviour is possibly due to the 
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The co-crystals of two azopyridine targets show very different melting points with same diacids (Fig 6) . 3,3'-azpy co-crystals have lower melting points than the corresponding 4,4'-azpy cocrystals (despite the fact that 3,3-azpy itself has a higher melting point than pure 4,4'-azpy). In order to try to find a possible 55 explanation for the observed melting points, we compared the densities for the two classes of co-crystals but they were, in fact, very similar. We also closely examined any possible differences in the presence of weaker intra-or interlayer interactions but, again, no obvious differences presented themselves. It seems that 60 more structural data is needed in order to find a plausible Based on the analysis of crystal structures and corresponding melting points of 3,3'-and 4,4'-azpy co-crystals, we can 5 conclude that these two bipy-related compounds are very efficient at forming co-crystals with aliphatic dicarboxylic acids. Furthermore, if structural control can be maintained within a series of related co-crystals, it is possible to estimate the how physical properties may trend or even their relative magnitude 10 purely based on the molecular structure of one of the two components. Finally, the relative positions of binding sites on related compounds can also be used to prepare new solid-forms that display physical properties that can be fine-tuned with respect to those of the individual components. 15 
